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1035 1051 938 1029 1039 939 834 Figure S1 . cDNA sequence alignment of JHAMT for seven insect species. Five species are Lepidoptera: HaJHAMT, Helicoverpa armigera (GenBank KX289532.1); BmJHAMT, Bombyx mori (AB113578.1); MsJHAMT, Manduca sexta (AF117590.1); ScrJHAMT, Samia cynthia ricini (DQ465408.1); SlJHAMT, Spodoptera litura (AB127944.1). DmJHAMT, Drosophila melanogaster (AB113579.1, Diptera) and TcJHAMT, Tribolium castaneum (NM_001127311.1, Coleoptera). HaJHAMT is most closely related to SlJHAMT with 73.0% homology. Conservation across species is shown by shading; black for base pairs conserved across all seven species (100%), pink for six species (86%), blue for four or five species (57 or 71%). The blue lines indicate the fragment JHA. Dots indicate artificial gaps introduced to maximize nucleotide matching. Alignments were performed using DNAMAN (ver. 8.0, Lynnon Biosoft). AmJHAMT, Apis mellifera (NP_001314896.1, Hymenoptera); TcJHAMT, Tribolium castaneum (NP_001120783.1, Coleoptera); SgJHAMT, Schistocerca gregaria (ADV17350.1, Orthoptera) and ApJHAMT, Acyrthosiphon pisum (NP_001156251.1, Homoptera). The gray box indicates Motif I for SAM binding (Kagan and Clarke, 1994) , which is conserved across species. The gray line indicates the conserved methyl transferase domain. Conservation across species is shown by shading; black for amino acids conserved across all seven species (100%), pink for six or seven species (75 or 88%), blue for four or five species (50 or 62%). The blue line indicates the fragment JHA. Dots indicate artificial gaps introduced to maximize nucleotide matching. Alignments were performed using DNAMAN (ver. 8.0, Lynnon Biosoft). Figure S3 . cDNA sequence alignment of JHBP for six insect species. Five species are Lepidoptera: HaJHBP, Helicoverpa armigera (GenBank KX289533.1); HvJHBP, Heliothis virescens (U22515.1); MsJHBP, Manduca sexta (S56567.1); BmJHBP, Bombyx mori (NM_001043609.2); GmJHBP, Galleria mellonella (AF410772.3). CfJHBP, Coptotermes formosanus (KC571945.1, Blattodea). HaJHBP is most closely related to HvJHBP with 74.5% homology. Conservation across species is shown by shading; black for base pairs conserved across all six species (100%), pink for five species (83%), blue for three or four species (50 or 67%). The blue lines indicate the fragment JHB. Dots indicate artificial gaps introduced to maximize nucleotide matching. Alignments were performed using DNAMAN (ver. 8.0, Lynnon Biosoft). (Touhara and Prestwich, 1992) . Triangles below cysteine (Cys) residues denote conserved disulphide bonds, as suggested for HvJHBP (Wojtasek and Prestwich, 1995) . Conservation across species is shown by shading; pink for eight to nine species (80-90%), blue for five to seven species (50 or 70%). The blue lines indicate the fragment JHB. Dots indicate artificial gaps introduced to maximize nucleotide matching. Alignments were performed using DNAMAN (ver. 8.0, Lynnon Biosoft). Figure S5 . Transcription of (a) HaJHAMT and (b) HaJHBP in whole H. armigera larvae of different ages. The correspondence between days after hatching and instars is 0-1 days for 1 st instar, 2-4 days for 2 nd instar, 5-7 days for 3 rd instar, 8-10 days for 4 th instar, and 11 days for 5 th instar. Bars represent mean ± SE (n = 3 independent qPCRs) of mRNA quantity relative to actin. Table S1 . Primers used in this study. **The only significant effect was the higher mean mortality on Bt + JHB cotton (74.3%, SE = 1.4%) than on Bt + JHA cotton (67.3%, SE = 1.5%) (P = 0.0054). All other main effects and interactions were not significant. Fitness on JH cotton (h = 0.5, Figure 5a Effective refuge percentage for the three generations during which H. armigera fed on cotton each year. This parameter was estimated as 56% for northern China (Jin et al. 2015) . where W ss , W rs , W rr are the fitnesses of ss, rs, and rr, respectively (Liu and Tabashnik, 1997) .
Values of h vary from 0 for completely recessive resistance to 1 for completely dominant resistance.
For simulations with Bt cotton, we set h = 0.5, indicating additive inheritance of resistance. This assumption is a reasonable simplification based on data showing that resistance of H. armigera in northern China to Cry1Ac and Bt cotton can be affected by different alleles that are recessive, additive or dominant (Jin et al., 2015) . Previous simulations show that results with a single resistance allele with additive effects (h = 0.5) are similar to those from more complex modelling incorporating three different alleles that have different levels of dominance (h = 0, 0.5 and 1) (Jin et al., 2015) . Resistance is expected to be completely recessive (h = 0) if the survival of susceptible (ss) larvae on transgenic plants is <0.01% (Tabashnik et al., 2013; USEPA, 1998) . As survival of susceptible larvae increases, survival of heterozygous larvae (rs) also increases, yielding higher values of h. Thus, given the 27.2% survival of susceptible larvae on JHB cotton, we used h = 0.5 and h = 0.2 as realistic and optimistic estimates for resistance to JHB cotton.
For simulations with a pyramid of Bt + RNAi cotton, we used the parameter h p to describe dominance of resistance to the pyramid (Brévault et al., 2013) as follows:
(ii) h p = (W r1s1r2s2 -W s1s1s2s2 ) / (W r1r1r2r2 -W s1s1s2s2 ).
Values of h p vary from 0 for completely recessive resistance to 1 for completely dominant resistance. We rearranged equation (ii) (Tables S3 and S4 ) on the 2015 and 2016 data from bioassays conducted on transgenic and non-transgenic cotton (Figure 3) . In all simulations, we defined the fitness of susceptible homozygotes (s 1 s 1 , s 2 s 2 , and s 1 s 1 s 2 s 2 ) on non-transgenic cotton (W0) as 1. We assumed that fitness on each type of transgenic cotton relative to non-transgenic cotton is proportional to survival on the transgenic cotton relative to non-transgenic cotton. We set the fitness to 1 for r 1 r 1 on Bt cotton, because for the Bt-resistant strain (SCD-r1, putative genotype r 1 r 1 ), the bioassay data reported here reveal no significant difference in survival or development time between Bt cotton (means = 83% survival and 21 days, respectively) and non-transgenic cotton (means = 85% survival and 21 days, respectively) ( Figure 4) . Although data on resistance to RNAi cotton are not available, we also set fitness of r 2 r 2 on RNAi cotton as 1, because survival of susceptible larvae was higher on RNAi cotton than on Bt cotton (Figure 4 ).
Assuming fitness of 1 for r 1 r 1 on Bt cotton and r 2 r 2 on RNAi cotton is conservative, because resistance would evolve slower if the fitness was <1 in either case (i.e., incomplete resistance (Carrière et al., 2010) .
